Abstract Petersen-Gaussian (PG) 
Introduction
In multiprocessor system, the topology of interconnection network is critical so that the parallel processing system can efficiently perform various application algorithms in engineering and scientific. An interconnection network is usually represented by an undirected graph ( , ) G V E  , where the node set represents the processors, and the edge set represents the communication link.
In a topology of interconnection network, degree of a node, diameter and cost are three important measures that aid in evaluating different network structures. The degree of a node is denoted as the number of input/output links per node. The diameter of the network is the maximum value of all shortest paths between any two nodes. In designing a topology, there is always a trade-off between degree, which relates to the hardware cost, and diameter, which relates to the message transmission time [8] . Therefore, the network cost is defined . diameter degree  In order to reduce these three metrics and optimize other characteristics, many topologies are proposed [1, 2, 3, 5, 6, 7, 10, 11, 12] . Among those, mesh and torus are the most popular topologies. However, they have an important drawback that they are not edge-symmetric such that the diameter is far from the optimum value. The twisted torus topologies proposed in [2] recover edge-symmetry and, consequently, improve the performance up to 74%. The Gaussian networks proposed in [3] model many toroidal networks including the twisted torus in [2] . Recently, we extend the degree of Gaussian topologies from 4 to 10, and then set the well-known Petersen network as module on the grid points of the Gaussian topologies by the method in [5] . In this way, a new family of interconnection networks called Petersen-Gaussian networks is constructed in [11] . In this paper, a special case of PG networks named Petersen-Twisted-Torus (PTT) network is considered further. We analyze the diameter of PTT topology and find that the diameter and cost of PTT topology are largely smaller than those of the wellknown honeycomb mesh, diagonal mesh, hexagonal torus, honeycomb torus and Petersen torus.
The rest of this paper is organized as follows: In Section 2, preliminary of Petersen network and twisted torus network is introduced. Petersen twisted torus network is defined in Section 3. In Section 4, we analyze diameter property of PTT network. And conclusion is given in the last section.
Preliminary
The well-known Petersen network in Fig 1 with ten nodes has an outer 5-cycle and an inner 5-cycle. [4] The nodes of outer cycle are connected to each different node of the inner cycle. Petersen graph is a node symmetry network, degree 3, diameter 2 and connectivity 3. [  belong to the same class modulo ()  , that is, its difference is a multiple of  . Twisted torus topologies proposed in [2] can be defined by the method in [3] as follows:
we define the twisted torus network ( ) ( , ) TT b V E  generated by  as follows:
[] Vi   Z is the set of vertices;
is the set of edges. 
Petersen-Twisted-Torus Network
A general version of this section was previously stated in [11] . In order to contribute to a better understanding of the Petersen twisted torus network, we state the construction of PTT network in detail here.
Extension of Twisted Torus Networks

() ETT b
In order to define the Petersen twisted torus network, we extend the number of degree of twisted torus from 4 to 10 by the following definition.
we define the extended twisted torus ( ) ( , ) ETT b V E  generated by  as follows:
According to definition 2, for any 0 b  Z , the extended twisted torus network generated by [] b bi i    Z has the same order as twisted torus network. However, the extended twisted torus networks are regular of degree 10 since every vertex is adjacent to other different 10 vertices. Also, they are undirected, connected, and vertex-symmetric by definition.
To easily state, we divide the edges of extended twisted torus network
Definition of Petersen-Twisted-Torus Network
In this section, we define Petersen twisted torus network using the method in [5] . 
Diameter of () PTT b
The average and maximum distance between nodes in a system have a definite impact on the latency of packets that travel along the network. For this reason, designers try to minimize these properties. In this section, the diameter of () PTT b will be obtained. In Petersen twisted torus network, the number of external edges used for a routing is denoted as external path length, the number of internal edges is called internal path length. and then the diameter of Petersen twisted torus network can be divided into external diameter length and internal diameter length. The following lemma give another method to arrange the nodes of () PTT b under the logical relationship among edges. Based on the lemma, we obtain upper bound of the diameter of our proposed Petersen twisted torus network. The distance between two vertices  and  in () ETT b can be defined as follows:
It is easily to prove the distance defined in Def. For the case that b is odd, by lemma 2, the similar analysis can be adopted. Table 1 shows comparison on network cost, diameter, and degree of interconnection networks which have the same number of nodes. Although the degree of () PTT b is not the smallest, diameter and cost of () PTT b are both lower than those of other interconnection networks in the table 1.
Conclusion
In this paper, a special case of Petersen-Gaussian networks, i.e., Petersen-Twisted-Torus network, was considered. We analyzed the diameter of PTT topology and found that the PTT topology has smaller diameter and lower costing requirement than the well-known honeycomb mesh, diagonal mesh, torus, hexagonal torus, honeycomb torus and Petersen torus networks.
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